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Organophosphorus-catalyzed Diaza-Wittig reaction: 













The elaboration of the first organophosphorus-catalyzed Diaza-Wittig reaction is reported. This 
catalytic reaction is applied to the synthesis of substituted pyridazine and phthalazine 
derivatives bearing electron-withdrawing groups with good to excellent yields from substrates 










Pyridazine1 is an important heterocyclic ring known to be 
present in ligands targeting different receptors such as GABA,2 
kinase3 or cannabinoid receptors4 and in various natural 
products. Moreover the pyridazine ring has been proposed as 
“privileged structure” for drug design by Prof. Wermuth.5 
During the last years, different methods have been developed 
for the synthesis of pyridazines6 due to an increasing interest of 
the pharmaceutical industry for this 1,2-diazine. As part of our 
ongoing interest7 in the elaboration of heterocycles valuable for 
drug design projects, we have put considerable efforts in the 
synthesis of novel functionalized pyridazine. 
 
 
Scheme 1 Organophosphorus-catalyzed synthesis of heterocycles. 
 We recently developed a protocol for the synthesis of 
pyridazine analogues 2 by intramolecular Diaza-Wittig from 
diazo derivatives 1 using HMPT as reagent.8 In our search for 
innovative and safe pathways, the elaboration of a catalytic 
Diaza-Wittig reaction became highly desirable (Scheme 1). The 
first example of the synthesis of a heterocycle by using a 
catalytic amount of organophosphorus reagent was reported in 
2008 by the pioneering work of the Marsden group.9 An 
isocyanate group was needed to regenerate the phosphine oxide 
following a mechanism of activation, described by Campbell et 
al. for the production of carbodiimides.10 
Several important reactions are mediated by 
organophosphorus reagents such as Appel reaction,11 
Mitsunobu reaction12 or Wittig olefination,13 and numerous 
groups have been focused on the development of a catalytic 
approach of these reactions. Two general strategies have been 
investigated; the redox-neutral process as used by Denton et al. 
to develop the first example of catalytic phosphorus mediated 
dichlorination of epoxides under Appel reaction conditions.14 
The second strategy is the redox-driven mechanism which 
combines an organophosphorus reagent and a reducer. The 
O’Brien group15 has investigated the reduction of phosphine 
oxide into the corresponding phosphine by using silane as 
reducing reagent, in contrast to previously described harsh 
conditions16 not compatible with all substrates. The 
introduction of a silane as mild reducer can be considered as a 
remarkable breakthrough in this field. This reduction led to the 
first catalytic olefination reaction as well as a catalytic 
Mitsunobu reaction on the phosphine component. The Rutjes 
group17 has dedicated a part of its research to the development 
of tunable organophosphorus catalysts and their successful 
application to organophosphorus-catalyzed reaction (Appel 
reaction,18 Staudinger reduction of azide19 and sequential 
Staudinger/Aza-Wittig synthesis of heterocycles20). It has been 
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demonstrated that the choice of the phosphine oxide is critical 
to achieve the reduction by silane reagent. In fact, van Delft et 
al. has shown that cyclic phosphine oxide is effectively reduced 
compared to acyclic phosphine oxide such as triphenyl 
phosphine oxide.21 5-Membered phospholane gave the best 
results and directed our work towards the use of the 
commercially available phospholene oxide 3 as catalyst. 
Results and discussion 
The development of a catalytic Diaza-Wittig reaction can be 
divided in a four-step catalytic process. The first step is the 
reduction of the phospholene oxide 3 into the corresponding 
phospholene 5 with a silane reagent 4. The second step is the 
formation of a phosphazine intermediate 7 from the reaction 
between 5 and a diazo derivative 6. Then the phosphazine 7 is 
converted into an oxazaphosphetane intermediate 8 prior to the 
last step leading to the desired pyridazine 2 and regeneration of 
the phospholene oxide 3 (Scheme 2). 
 
 
Scheme 2 Proposed catalytic cycle for the Diaza-Wittig reaction. 
 
The reduction of phosphine oxide into the corresponding 
phosphine with silane reagent has proved to be chemoselective 
in the presence of aldehyde, ketone and azide functionality but 
it is the first report of this reduction in the presence of a diazo 
group to the best of our knowledge. The reduction of the 
phosphine oxide did not affect the diazo group and the 
cyclization leading to the pyridazine could be achieved. A study 
on the effect of the phosphine, silane, solvent, temperature and 
reaction time has been performed on the conversion of 1a into 
2a. In order to prove that the original reaction with 
stoichiometric amount of HMPT (Table 1, entry 1) cannot be 
catalytic, the reaction with 25 mol % of phosphine was run for 
48 hours, never exceeding a yield of 15% (Table 1, entry 2). A 
reaction with a stoichiometric amount of HMPA demonstrated 
that phosphine oxide alone is not enough to obtain the 
pyridazine (Table 1, entry 3). Likewise, using catalytic amount 
of triphenyl phosphine oxide or HMPA with diphenylsilane led 
to no formation of pyridazine 2a (Table 1, entry 4-5). While 
varying the silane reagent and using a catalytic amount of 
phospholene oxide 3, the use of phenylsilane led to the 
formation of the desired product 2a in moderate yield (Table 1, 
entry 6). By using diphenylsilane, the pyridazine 2a was 
obtained in excellent yields and no purification was necessary 
due to the precipitation of the desired pyridazine after cooling 
down the reaction (Table 1, entry 14-15). As a control reaction, 
no formation of pyridazine 2a was observed in the absence of 
the silane reagent (Table 1, entry 16). 
The temperature seems to be an important parameter. When 
the reaction was performed in CH2Cl2 at room temperature, like 
the reaction with HMPT, 2a was not formed (Table 1, entry 7). 
An increase of the temperature to 65 °C with CH3CN as solvent 
did not give better results (Table 1, entry 8). A high 
temperature (100 °C) was needed to perform the first step of the 
catalytic process i.e. the reduction of 3 by the silane reagent. In 
DMF as well as in dioxane at 100 °C, it was possible to obtain 
2a in good yield and purification by flash chromatography on 
silica gel was necessary (Table 1, entry 9-10). Toluene is the 
only solvent which gives 2a in excellent yields and without 
purification. A sealed tube was used to perform the reaction at 
115 °C in toluene in order to reduce the reaction time but the 
product 2a was obtain in lower yield (Table 1, entry 11). The 
use of toluene as solvent at a lower temperature than 100 °C did 
not lead to the desired product (Table 1, entry 12-13). 
The optimum conditions for the catalytic Diaza-Wittig 
reaction is the use of 10 mol % of 3 with diphenylsilane as 
reducing reagent in toluene at 100 °C for 16 hours. 
 
Table 1 Optimization of the reaction conditions.a 
 







1 HMPTd - CH2Cl2 RT 16 68
e 
2 HMPTf - CH2Cl2 RT 48 13
e 
3 HMPAd - CH2Cl2 RT 16 0 
4 O=PPh3
f Ph2SiH2 Toluene 100 16 0 
5 HMPAf Ph2SiH2 Toluene 100 16 0 
6 3g PhSiH3 Toluene 100 16 46
e 
7 3g Ph2SiH2 CH2Cl2 RT 16 0 
8 3g Ph2SiH2 CH3CN 65 16 0 
9 3g Ph2SiH2 DMF 100 16 71
e 
10 3g Ph2SiH2 Dioxane 100 16 74
e 
11 3g Ph2SiH2 Toluene 115
h 16 64i 
12 3g Ph2SiH2 Toluene RT 16 0 
13 3g Ph2SiH2 Toluene 65 16 0 
14 3g Ph2SiH2 Toluene 100 16 92
i 
15 3g Ph2SiH2 Toluene 100 48 95
i,j 
16 3g -k Toluene 100 16 0 
aSee supporting information for details. bTemperature of the oil bath. 
cYield of isolated product is quoted as an average over at least two 
experiments. dStoichiometric amounts of organophosphorus reagent 
were used. ePurification by flash chromatography on silica gel. 
fCatalytic amounts (25 mol %) were used. gCatalytic amounts (10 mol 
%) were used. hReaction was performed in a sealed tube at 115 °C. 
iPrecipitation of 2a. jAddition of 10 mol % of 3 to the initial amount 
after 24 h of reaction. kControl reaction without silane reagent. 
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The amount of catalyst used so far was always 10 mol % of 3. 
To assess this method further, it was necessary to vary the 
loading of the phospholene oxide 3. The conversion of 1b into 
2b was used for this optimization process. 
 
Table 2 Optimization of the loading of the catalyst 3.a 
 
Entry 






1 1 36 51 
2 3 36 55 
3 5 36 69 
4 10 16 75 
5 25 16 78 
aSee supporting information for details. bYield of isolated product is 
quoted as an average over at least two experiments. 
The organophosphorus-catalyzed Diaza-Wittig reaction was 
performed following the optimum conditions previously 
discussed and the amount of catalyst 3 was varied. The use of 
1b as starting material led to the desired product 2b in 75% 
yield with 10 mol % of 3 (Table 2, entry 4). Increasing the 
amount of 3 to 25 mol % gave almost similar results (Table 2, 
entry 5), and a decrease below 10 mol % of the phospholene 
oxide 3 (Table 2, entry 2-3), likewise, led to product formation 
but in longer reaction time. The use of 1 mol % of catalyst 3 
afforded 2b in 51% after 36 hours (Table 2, entry 1). 
We then focused on the synthesis of a small library of 
pyridazine derivatives 2 to evaluate the catalytic Diaza-Wittig 
reaction with different substrates.   
Most of the pyridazines were obtained as precipitate in good 
(2k) to excellent yields (2a). Only compounds 2c, 2h and 2n 
needed to be purified by flash chromatography on silica gel. 
The organophosphorus-catalyzed Diaza-Wittig reaction was 
compatible with different substitutions R2, from alkyl (2a, 2l), 
cycloalkyl (2c, 2h), aryl (2d, 2j) to heteroaryl (2m). It was also 
possible to perform the reaction in the presence of different 
functional groups such as ester (2i), ketone (2k) or substituted 
sulfone (2n) which allow further modification in order to obtain 
more elaborated pyridazine analogues. The catalytic reaction 
was not affected by the use of ortho-substituted (2e, 2j) or 
para-substituted aryl groups (2d, 2i) affording the products in 
similar yields. Moreover, the cyclization gave access to 
trisubstituted (2d) as well as tetrasubstituted (2f) heterocycles 
by varying R1. Finally, the process reported was applied to the 
synthesis of annulated pyridazine (2o) and led to the desired 











2a (92%)b 2b (75%)b 2c (79%)c 
   




2g (63%)b 2h (75%)c 2i (70%)b 
   
2j (78%)b 2k (53%)b 2l (74%)b 
   
2m (55%)b 2n (42%)c 2o (83%)b 
aSee supporting information for details, yields of isolated product are 
quoted as an average over at least two experiments. bPrecipitation of 2. 
cPurification by flash chromatography on silica gel. Ph = phenyl, Ar1 = 
p-methoxyphenyl, Ar2 = o-fluorophenyl. 
Conclusions 
In summary, we reported the first organophosphorus-catalyzed 
Diaza-Wittig reaction and its application for the synthesis of 
pyridazine analogues. The reaction tolerated various 
substituents and functional groups and delivered most of the 
derivatives without purification.  
This method represents a novel catalytic approach to relevant 
heterocycles known as “privileged structures” for the 
pharmaceutical industry. Further studies are under investigation 
towards other heterocycles.  
Experimental section 
General information 
For all reactions, analytical grade solvents were used. All 
moisture-sensitive reactions were carried out in oven-dried 
glassware (135 ºC) under a nitrogen or argon atmosphere. 
Reaction temperatures are reported as bath temperature. 
Precoated aluminum sheets (Silica gel/TLC-cards, 254 nm) 
were used for TLC. Compounds were visualized with UV light 
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(λ = 254 nm). Products were purified by flash chromatography 
on silica gel 63-200, 60 Å. Melting points were obtained on a 
melting point apparatus with open capillary tubes. 1H and 13C 
NMR spectra were recorded on 300 MHz, 500 MHz and 600 
MHz spectrometer using CDCl3 and DMSO-d6 as the solvent. 
The 1H and 13C chemical shifts were referenced to residual 
solvent signals at δ H/C 7.26/77.00 (CDCl3) and 2.50/39.50 
(DMSO-d6) relative to TMS as internal standard. Coupling 
constants J (Hz) were directly taken from the spectra. Splitting 
patterns are designated as s (singlet), d (doublet), t (triplet), q 
(quartet), m (multiplet) and br (broad). High resolution mass 
spectra were acquired on a quadrupole orthogonal acceleration 
time-of-flight mass spectrometer. Samples were infused at 3 
µL/min and spectra were obtained in positive (or negative) 
ionization mode with a resolution of 15000 (FWHM) using 
leucine enkephalin as lock mass. Electrospray MS spectra were 
obtained on a LC/MS spectrometer. Column used for all 
LC/MS analysis: UPLC BEH C18 1.7 m, 2.1 mm ID x 50 mm 
L. All the methods are using MeCN/H2O gradients. Water 
contains either 0.1 % TFA or 0.1 % NH3. 
 
Methyl 2-diazo-3-oxobutanoate. To a solution of methyl 
acetoacetate (5 g, 43.06 mmol) in 30 mL of acetonitrile under 
argon at 0 °C was added successively triethylamine (7.8 mL, 
55.98 mmol) and p-acetamido benzene sulfonyl azide (p-
ABSA) (10.4 g, 43.06 mmol). The mixture was stirred for 2 
hours and was allowed to warm to room temperature and was 
diluted with 100 mL of Et2O/n-Hexane (1:1) and then filtered. 
The filtrate was concentrated and the residue purified by flash 
column chromatography on silica gel (EtOAc/n-Hexane = 1:2) 
to afford the desired compound methyl 2-diazo-3-oxobutanoate 
(5 g, 35.18 mmol, 82% yield) as yellow oil. Data for methyl 2-
diazo-3-oxobutanoate: 1H NMR (500 MHz, DMSO-d6) δ 3.65 
(3H, s), 2.18 (3H, s); 13C NMR (125 MHz, DMSO-d6) δ 189.3, 
161.5, 52.3, 27.9. Diazo carbon was not detected in 13C NMR. 
 
Methyl 2-diazo-3-oxopentanoate. To a solution of methyl 3-
oxopentanoate (5 g, 38.42 mmol) in 30 mL of acetonitrile under 
argon at 0 °C was added successively triethylamine (6.9 mL, 
49.95 mmol) and p-acetamido benzene sulfonyl azide (p-
ABSA) (9.2 g, 38.42 mmol). The mixture was stirred for 2 
hours and was allowed to warm to room temperature and was 
diluted with 100 mL of Et2O/n-Hexane (1:1) and then filtered. 
The filtrate was concentrated and the residue purified by flash 
column chromatography on silica gel (EtOAc/n-Hexane = 1:2) 
to afford the desired compound methyl 2-diazo-3-
oxopentanoate (5.1 g, 33.04 mmol, 85% yield) as yellow oil. 
Data for methyl 2-diazo-3-oxopentanoate: 1H NMR (300 MHz, 
DMSO-d6) δ 3.77 (3H, s), 2.78 (2H, q, J = 7.3 Hz), 1.02 (3H, t, 
J = 7.3 Hz); 13C NMR (75 MHz, DMSO-d6) δ 192.5, 161.5, 
52.3, 33.0, 8.2. Diazo carbon was not detected in 13C NMR. 
 
2-Diazo-1-phenylbutane-1,3-dione. To a solution of phenyl-
butan-2,4-dione (3 g, 18.50 mmol) in 50 mL of acetonitrile 
under argon at 0 °C was added successively triethylamine (3.3 
mL, 24.05 mmol) and p-acetamido benzene sulfonyl azide (p-
ABSA) (4.4 g, 18.50 mmol). The mixture was stirred for 2 
hours and was allowed to warm to room temperature and was 
diluted with 100 mL of Et2O/n-Hexane (1:1) and then filtered. 
The filtrate was concentrated and the residue purified by flash 
column chromatography on silica gel (EtOAc/n-Hexane = 1:3) 
to afford the desired 2-Diazo-1-phenylbutane-1,3-dione (3.1 g, 
16.45 mmol, 89% yield) as yellow solid; mp 78-81 °C; Data for 
2-Diazo-1-phenylbutane-1,3-dione: 1H NMR (500 MHz, 
DMSO-d6) δ 7.73 (2H, d, J = 7.2 Hz), 7.62 (1H, t, J = 7.4 Hz), 
7.52-7.55 (2H, m), 2.46 (3H, s); 13C NMR (125 MHz, DMSO-
d6) δ 189.8, 185.0, 137.5, 132.5, 128.8, 127.6, 83.6, 28.8. 
Typical experimental procedure for the synthesis of 1a-e and 1m 
To a solution of methyl 2-diazo-3-oxobutanoate (1 g, 7.04 
mmol) in 50 mL of CH2Cl2 under argon at -78 °C was added 
dropwise TiCl4 (849 L, 7.74 mmol) followed by Et3N (1.08 
mL, 7.74 mmol). The resulting red solution was stirred at -78 
°C for 1 hour, after which time a solution of aldehyde (6.34 
mmol) in CH2Cl2 was slowly added. The reaction mixture was 
stirred at -78 °C for 4 hours and then the reaction was quenched 
with 50 mL of saturated aqueous NH4Cl and warmed to room 
temperature. The organic layer was separated and then washed 
with 40 mL of saturated aqueous NaHCO3. The aqueous layers 
were extracted with 50 mL of CH2Cl2. The combined organic 
layers were dried over Na2SO4 and concentrated in vacuo. The 
product was purified by flash column chromatography on silica 
gel (EtOAc/n-Hexane = 1:3) to afford the aldol product 1a-e 
and 1m. 
 
Methyl 2-diazo-5-hydroxy-3-oxoheptanoate (1a). Yellow oil; 
Yield: 85%; Synthesized from propionaldehyde. Spectral and 
analytical data were in agreement with previous reports.8 
 
Methyl 2-diazo-5-hydroxy-3-oxo-5-phenylpentanoate (1b). 
Yellow oil; Yield: 75%; Synthesized from benzaldehyde. 




(1c). Yellow oil; Yield: 73%; Synthesized from cyclohexane 
carboxaldehyde. Spectral and analytical data were in agreement 
with previous reports.8 
 
Methyl 2-diazo-5-hydroxy-5-(4-methoxyphenyl)-3-
oxopentanoate (1d). Yellow oil; Yield: 71%; Synthesized from 
4-methoxybenzaldehyde. Spectral and analytical data were in 
agreement with previous reports.8 
 
Methyl 2-diazo-5-(2-fluorophenyl)-5-hydroxy-3-
oxopentanoate (1e). Yellow oil; Yield: 69%; 1H NMR (300 
MHz, DMSO-d6)  7.50-7.55 (1H, m), 7.27-7.30 (1H, m), 7.10-
7.23 (2H, m), 5.51 (1H, d, J = 5.0 Hz), 5.33-5.39 (1H, m), 3.77 
(3H, s), 3.34-3.43 (1H, m), 2.93 (1H, dd, J = 15.8 Hz, J = 4.2 
Hz); 13C NMR (75 MHz, DMSO-d6) 189.3, 161.4, 160.7, 
157.4, 131.8, 129.0, 127.9, 124.5, 115.2, 75.9, 62.6, 52.4, 47.6; 
HRMS calcd for C12H11FN2O4 (M+Na)




oxopentanoate (1m). Yellow oil; Yield: 54%; Synthesized 
from thiophene-2-carboxaldehyde. Spectral and analytical data 
were in agreement with previous reports.8 
Typical experimental procedure for the synthesis of 1f-j 
To a solution of methyl 2-diazo-3-oxopentanoate (1 g, 6.40 
mmol) in 50 mL of CH2Cl2 under argon at -78 °C was added 
dropwise TiCl4 (772 L, 7.04 mmol) followed by Et3N (979 
L, 7.04 mmol). The resulting red solution was stirred at -78 °C 
for 1 hour, after which time a solution of aldehyde (5.76 mmol) 
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in CH2Cl2 was slowly added. The reaction mixture was stirred 
at -78 °C for 4 hours and then the reaction was quenched with 
20 mL of saturated aqueous NH4Cl and warmed to room 
temperature. The organic layer was separated and then washed 
with 20 mL of saturated aqueous NaHCO3. The aqueous layers 
were extracted with 20 mL of CH2Cl2. The combined organic 
layers were dried over Na2SO4 and concentrated in vacuo. The 
product was purified by flash column chromatography on silica 
gel (EtOAc/n-Hexane = 1:3) to afford the aldol product 1f-j. 
 
Methyl 2-diazo-5-hydroxy-4-methyl-3-oxoheptanoate (1f). 
Yellow oil; Yield: 88%; Inseparable diastereomeric mixture; 1H 
NMR (300 MHz, DMSO-d6)  4.54 (1H, d, J = 6.2 Hz), 3.77 
(3H, s), 3.48-3.60 (2H, m), 1.25-1.42 (2H, m), 1.01 (3H, d, J = 
6.6 Hz), 0.86 (3H, t, J = 6.4 Hz); 13C NMR (75 MHz, DMSO-
d6) 194.6, 161.4, 72.4, 52.3, 47.1, 27.9, 11.6, 10.6; HRMS 
calcd for C9H14N2O4 (M+Na)
+ 237.0846, found 237.0851. 
Diazo carbon was not detected in 13C NMR. 
 
Methyl 2-diazo-5-hydroxy-4-methyl-3-oxo-5-
phenylpentanoate (1g). Yellow oil; Yield: 72%; Synthesized 
from benzaldehyde. Spectral and analytical data were in 
agreement with previous reports.22 
 
Methyl 5-cyclohexyl-2-diazo-5-hydroxy-4-methyl-3-
oxopentanoate (1h). Yellow oil; Yield: 63%; Inseparable 
diastereomeric mixture; 1H NMR (300 MHz, DMSO-d6)  4.41 
(1H, d, J = 6.8 Hz), 3.78 (3H, s), 3.60-3.64 (1H, m), 3.42-3.48 
(1H, m), 1.51-1.87 (6H, m), 1.08-1.28 (5H, m), 0.98 (3H, d, J = 
6.8 Hz); 13C NMR (75 MHz, DMSO-d6) 194.6, 161.3, 75.9, 
74.5, 52.3, 44.7, 41.0, 29.3, 28.4, 26.2, 26.0, 25.9, 10.6; HRMS 
calcd for C13H20N2O4 (M+Na)
+ 291.1315, found 291.1317. 
 
Methyl 2-diazo-5-hydroxy-5-(4-methoxyphenyl)-4-methyl-3-
oxopentanoate (1i). Yellow oil; Yield: 53%; 1H NMR (300 
MHz, DMSO-d6)  7.25 (2H, d, J = 8.7 Hz), 6.87 (2H, d, J = 
8.7 Hz), 5.21-5.23 (1H, m), 4.79-4.80 (1H, m), 3.78 (3H, s), 
3.73 (3H, s), 3.30-3.31 (1H, m), 0.97 (3H, d, J = 6.8 Hz); 13C 
NMR (75 MHz, DMSO-d6) 193.5, 161.4, 158.2, 135.9, 127.3, 
113.3, 72.3, 55.1, 52.4, 49.3, 11.0; HRMS calcd for 
C14H16N2O5 (M+Na)
+ 315.0952, found 315.0953. Diazo carbon 
was not detected in 13C NMR. 
 
Methyl 2-diazo-5-(2-fluorophenyl)-5-hydroxy-4-methyl-3-
oxopentanoate (1j). Yellow oil; Yield: 51%; 1H NMR (300 
MHz, DMSO-d6)  7.47 (1H, m), 7.31-7.38 (1H, m), 7.22-7.30 
(1H, m), 7.12-7.18 (1H, m), 5.52 (1H, t, J = 4.4 Hz), 5.04-5.09 
(1H, m), 3.90-3.95 (1H, m), 3.80 (3H, s), 0.76 (2H, t, J = 6.9 
Hz); 13C NMR (75 MHz, DMSO-d6) 194.3, 161.3, 158.0, 
130.5, 129.3, 128.8, 124.7, 115.1, 75.8, 67.9, 52.4, 47.8, 13.2; 
HRMS calcd for C13H13FN2O4 (M+Na)
+ 303.0752, found 
303.0751. 
Typical experimental procedure for the synthesis of 1k-l 
To a solution of 2-Diazo-1-phenylbutane-1,3-dione (1 g, 5.31 
mmol) in 50 mL of CH2Cl2 under argon at -78 °C was added 
dropwise TiCl4 (640 L, 5.84 mmol) followed by Et3N (812 
L, 5.84 mmol). The resulting red solution was stirred at -78 °C 
for 1 hour, after which time a solution of aldehyde (4.78 mmol) 
in CH2Cl2 was slowly added. The reaction mixture was stirred 
at -78 °C for 4 hours and then the reaction was quenched with 
50 mL of saturated aqueous NH4Cl and warmed to room 
temperature. The organic layer was separated and then washed 
with 40 mL of saturated aqueous NaHCO3. The aqueous layers 
were extracted with 50 mL of CH2Cl2. The combined organic 
layers were dried over Na2SO4 and concentrated in vacuo. The 
product was purified by flash column chromatography on silica 
gel (EtOAc/n-Hexane = 1:4) to afford the aldol product 1k-l. 
 
2-Diazo-5-hydroxy-1,5-diphenylpentane-1,3-dione (1k). 
Yellow oil; Yield: 52%; Synthesized from benzaldehyde. 




(1l). Yellow oil; Yield: 85%; Synthesized from 
isobutyraldehyde. Spectral and analytical data were in 
agreement with previous reports.7 
Typical experimental procedure for the organophosphorus-
catalyzed Diaza-Wittig reaction 
To a solution of 1 (1 mmol) in 10 mL of acetonitrile under 
argon was added IBX (1-hydroxy-1,2-benziodoxol-3(1H)-one 
1-oxide) (364 mg, 1.3 mmol). The mixture was refluxed for 2 
hours and was allowed to cool down to room temperature and 
then filtered. The filtrate was concentrated and used directly 
without further purification for the next step. 
To the previously prepared crude in 5 mL of toluene under 
argon was added 3 (19 mg, 0.1 mmol) followed by 
diphenylsilane (205 L, 1.1 mmol). The reaction mixture was 
heated at 100 °C for 16 hours. After completion of the reaction 
monitored by TLC, the reaction mixture was allowed to cool to 
room temperature and the formation of a precipitate was 
observed. The suspension was filtered, washed with diisopropyl 
ether and dried to afford the desired pyridazine 2a, 2b, 2d, 2e, 
2f, 2g, 2i, 2j, 2k, 2l and 2m. 
2c and 2h were purified by flash column chromatography on 
silica gel (EtOAc/MeOH = 9:1) due to no formation of 
precipitate. 
 
Methyl 6-ethyl-4-hydroxypyridazine-3-carboxylate (2a). 
White solid; Yield: 92%; mp 179-182 °C. Spectral and 
analytical data were in agreement with previous reports.8 
 
Methyl 4-hydroxy-6-phenylpyridazine-3-carboxylate (2b). 
Pale yellow solid; Yield: 75%; mp 211-212 °C. Spectral and 
analytical data were in agreement with previous reports.8 
 
Methyl 6-cyclohexyl-4-hydroxypyridazine-3-carboxylate 
(2c). Beige solid; Yield: 79%; mp 215-217 °C. Spectral and 
analytical data were in agreement with previous reports.8 
 
Methyl 4-hydroxy-6-(4-methoxyphenyl)pyridazine-3-
carboxylate (2d). Pale yellow solid; Yield: 78%; mp 214-216 




carboxylate (2e). Pale yellow solid; Yield: 82%; mp 220-224 
°C; 1H NMR (300 MHz, DMSO-d6)  13.77 (1H, br. s), 7.65-
7.73 (2H, m), 7.39-7.49 (2H, m), 6.74 (1H, s), 3.86 (3H, s); 13C 
NMR (75 MHz, DMSO-d6) 164.0, 160.7, 157.4, 133.5, 133.4, 
131.0, 130.9, 125.4, 125.3, 118.9, 116.5, 52.6; HRMS calcd for 
C12H9FN2O3 (M+H)
+ 249.0670, found 249.0675. 
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Methyl 6-ethyl-4-hydroxy-5-methylpyridazine-3-
carboxylate (2f). White solid; Yield: 81%; mp 175-179 °C; 1H 
NMR (300 MHz, DMSO-d6)  13.27 (1H, br. s), 3.80 (3H, s), 
2.64 (2H, q, J = 7.5 Hz), 1.93 (3H, s), 1.17 (3H, t, J = 7.5 Hz); 
13C NMR (75 MHz, DMSO-d6) 167.4, 164.6, 152.8, 145.7, 
125.9, 52.3, 22.5, 12.8, 9.3; HRMS calcd for C9H12N2O3 
(M+H)+ 197.0921, found 197.0927. 
 
Methyl 4-hydroxy-5-methyl-6-phenylpyridazine-3-
carboxylate (2g). White solid; Yield: 63%; mp 239-244 °C; 1H 
NMR (300 MHz, DMSO-d6)  13.54 (1H, br. s), 7.57-7.58 (5H, 
m), 3.84 (3H, s), 1.85 (3H, s); 13C NMR (75 MHz, DMSO-d6) 
167.8, 164.4, 149.8, 145.5, 130.9, 130.4, 129.2, 128.9, 126.8, 





carboxylate (2h). White solid; Yield: 75%; mp 243-247 °C; 1H 
NMR (300 MHz, DMSO-d6)  12.97 (1H, br. s), 3.80 (3H, s), 
2.82-2.90 (1H, m), 1.97 (3H, s), 1.56-1.83 (7H, m), 1.20-1.44 
(3H, m); 13C NMR (75 MHz, DMSO-d6) 167.4, 164.5, 154.7, 
145.3, 125.4, 52.3, 38.4, 29.7, 25.9, 25.2, 9.3; HRMS calcd for 
C13H18N2O3 (M+H)
+ 251.1390, found 251.1391. 
 
Methyl 4-hydroxy-6-(4-methoxyphenyl)-5-
methylpyridazine-3-carboxylate (2i). White solid; Yield: 
70%; mp 223-226 °C; 1H NMR (600 MHz, DMSO-d6)  13.45 
(1H, br. s), 7.49 (2H, d, J = 8.8 Hz), 7.12 (2H, d, J = 8.8 Hz), 
3.84 (3H, s), 3.83 (3H, s), 1.86 (3H, s); 13C NMR (150 MHz, 
DMSO-d6) 167.8, 164.4, 160.7, 149.6, 145.3, 130.7, 126.6, 
122.9, 114.2, 55.5, 52.3, 11.3; HRMS calcd for C14H14N2O4 
(M+H)+ 275.1026, found 275.1028. 
 
Methyl 6-(2-fluorophenyl)-4-hydroxy-5-methylpyridazine-
3-carboxylate (2j). White solid; Yield: 78%; mp 231-233 °C; 
1H NMR (300 MHz, DMSO-d6)  13.70 (1H, br. s), 7.60-7.71 
(2H, m), 7.41-7.50 (2H, m), 3.85 (3H, s), 1.78 (3H, s); 13C 
NMR (75 MHz, DMSO-d6) 167.5, 164.3, 160.6, 157.3, 145.7, 
144.5, 133.2, 131.5, 128.6, 125.2, 118.3, 116.2, 52.5, 11.2; 
HRMS calcd for C13H11FN2O3 (M+H)
+ 263.0826, found 
263.0826. 
 
3-Benzoyl-6-phenylpyridazin-4-ol (2k). Beige solid; Yield: 
53%; mp 201-204 °C. Spectral and analytical data were in 
agreement with previous reports.7 
 
3-Benzoyl-6-(propan-2-yl)pyridazin-4-ol (2l). Beige solid; 
Yield: 74%; mp 228-231 °C. Spectral and analytical data were 
in agreement with previous reports.7 
 
Methyl 4-hydroxy-6-(thiophene-2-yl)-pyridazine-3-
carboxylate (2m). Beige solid; Yield: 55%; mp 207-209 °C. 
Spectral and analytical data were in agreement with previous 
reports.8 
Typical experimental procedure for the synthesis of 2n 
4-hydroxy-1-phenylsulfonyl-4-(thiophene-2-yl)-2-butanone. 
To a solution of lithium diisopropylamine 2M (1.1 mL, 2.2 
mmol) in 40 mL of anhydrous THF at -78 °C was added 
dropwise a solution of 1-phenylsulfonyl-2-propanone (198 mg, 
1.0 mmol) in 10 mL of THF. After 4 h at -78 °C, a solution of 
thiophene-2-carboxaldehyde (101 L, 1.1 mmol) in THF was 
added to the resulting orange heterogenous solution and the 
reaction mixture was allowed to warm to room temperature 
overnight. Hydrolysis was achieved at 0 °C with 30 mL of 
saturated aqueous NH4Cl, followed by an addition of AcOEt. 
The organic layer was dried over Na2SO4 and concentrated in 
vacuo, the residue was purified by flash column 
chromatography on silica gel (EtOAc/n-Hexane = 1:3) to afford 
the desired compound 4-hydroxy-1-phenylsulfonyl-4-
(thiophene-2-yl)-2-butanone (158 mg, 0.51 mmol, 51% yield) 
as yellow oil; Data for 4-hydroxy-1-phenylsulfonyl-4-
(thiophene-2-yl)-2-butanone: 1H NMR (500 MHz, DMSO-d6) 
 7.88 (2H, d, J = 7.2 Hz), 7.76 (1H, t, J = 7.4 Hz), 7.65 (2H, t, 
J = 7.2 Hz), 7.38-7.40 (1H, m), 6.93-6.96 (1H, m), 6.89-6.90 
(1H, m), 5.84 (1H, d, J = 5.1 Hz), 5.18-5.24 (1H, m), 4.76 (2H, 
d, J = 2.3 Hz), 2.90-3.08 (2H, m); 13C NMR (125 MHz, 
DMSO-d6) 196.9, 149.3, 139.4, 134.1, 129.4, 128.0, 126.7, 
124.5, 123.1, 65.5, 64.1, 53.2; HRMS calcd for C14H14O4S2 




butanone. To a solution of 4-hydroxy-1-phenylsulfonyl-4-
(thiophene-2-yl)-2-butanone (158 mg, 0.51 mmol) in 15 mL of 
acetonitrile under argon at 0 °C was added successively 
triethylamine (97 L, 0.7 mmol) and p-acetamido benzene 
sulfonyl azide (p-ABSA) (123 mg, 0.51 mmol). The mixture 
was stirred for 2 hours and was allowed to warm to room 
temperature and was diluted with 50 mL of Et2O/n-Hexane 
(1:1) and then filtered. The filtrate was concentrated to afford 
1-Diazo-4-hydroxy-1-phenylsulfonyl-4-(thiophene-2-yl)-2-
butanone 1n as yellow oil. The residue was directly used for the 
next step without further purification due to the degradation of 
the diazo derivative. 
 
 
3-(Phenylsulfonyl)-6-(thiophene-2-yl)pyridazin-4-ol (2n). To 
a solution of 1n in 5 mL of acetonitrile under argon was added 
IBX (1-hydroxy-1,2-benziodoxol-3(1H)-one 1-oxide) (196 mg, 
0.7 mmol). The mixture was refluxed for 2 hours and was 
allowed to cool down to room temperature and then filtered. 
The filtrate was concentrated and used directly without further 
purification for the next step. 
To the previously prepared crude in 5 mL of toluene under 
argon was added 3 (9 mg, 0.05 mmol) followed by 
diphenylsilane (103 L, 0.55 mmol). The reaction mixture was 
heated at 100 °C for 16 hours. After completion of the reaction 
monitored by TLC, the reaction mixture was allowed to cool to 
room temperature. CH2Cl2 was added and the organic layer was 
then washed 2 times with 10 mL of saturated aqueous NaHCO3 
and 1 time with 10 mL of saturated aqueous NaCl. The organic 
layer was dried over Na2SO4 and concentrated in vacuo, the 
residue was purified by flash column chromatography on silica 
gel (EtOAc/MeOH = 8:2) to obtain the desired 3-
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(phenylsulfonyl)-6-(thiophene-2-yl)pyridazin-4-ol (2n) (67 mg, 
0.21 mmol, 42% yield over three steps) as pale yellow solid; 
mp 198-201 °C; 1H NMR (500 MHz, DMSO-d6)  8.02 (2H, d, 
J = 7.3 Hz), 7.93 (1H, d, J = 4.4 Hz), 7.85 (1H, d, J = 3.7 Hz), 
7.76 (1H, t, J = 7.4 Hz), 7.66 (2H, t, J = 7.2 Hz), 7.27-7.30 (1H, 
m), 6.89 (1H, s); 13C NMR (125 MHz, DMSO-d6) 151.8, 
138.7, 134.3, 131.7, 129.6, 129.2, 129.0, 128.9; HRMS calcd 
for C14H10N2O3S2 (M+H)
+ 319.0206, found 319.0211. 
Typical experimental procedure for the synthesis of 2o 
Ethyl 2-(2-benzoylphenyl)acetate. To a solution of ethyl 
benzoylacetate (191 L, 1.1 mmol) and 2-(trimethylsilyl)phenyl 
trifluoromethanesulfonate (418 mg, 1.4 mmol) in 10 mL of 
CH3CN under argon was added anhydrous Cesium fluoride 
(425 mg, 2.8 mmol) at room temperature. The reaction mixture 
was refluxed for 1 h. After completion of the reaction, the 
reaction mixture was cooled down to room temperature, and a 
saturated solution of NaCl (15 mL) was added. The phases 
were separated and the aqueous layer was extracted two times 
with CH2Cl2 (15 mL). The combined organic layers were dried 
over Na2SO4 and filtered. The filtrate was concentrated under 
reduced pressure and purified by flash chromatography 
(EtOAc/n-Hexane = 1:4) to provide the desired derivative ethyl 
2-(2-benzoylphenyl)acetate (186 mg, 0.69 mmol, 63% yield) as 




Ethyl 2-(2-benzoylphenyl)-2-diazoacetate (1o). To a solution 
of ethyl 2-(2-benzoylphenyl)acetate (186 mg, 0.69 mmol) in 10 
mL of CH3CN under argon at 0 °C was added p-acetamido 
benzene sulfonyl azide (p-ABSA) (166 mg, 0.69 mmol) 
followed by 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) (134 
L, 0.9 mmol). The mixture was stirred for 16 h and after 
completion of the reaction, a saturated solution of NH4Cl (10 
mL) was added. The phases were separated and the aqueous 
layer was extracted two times with CH2Cl2 (10 mL). The 
combined organic layers were dried over Na2SO4 and filtered. 
The filtrate was concentrated under reduced pressure and 
purified by flash chromatography (EtOAc/n-Hexane = 1:3) to 
provide the desired product ethyl 2-(2-benzoylphenyl)-2-
diazoacetate (1o) (115 mg, 0.39 mmol, 57% yield) as yellow 
oil. Spectral and analytical data were in agreement with 
previous reports.7 
 
Ethyl 4-phenylphthalazine-1-carboxylate (2o) To a solution 
of 1o (115 mg, 0.39 mmol) in 5 mL of toluene under argon was 
added 3 (8 mg, 0.04 mmol) followed by diphenylsilane (80 L, 
0.43 mmol). The reaction mixture was heated at 100 °C for 16 
hours. After completion of the reaction monitored by TLC, the 
reaction mixture was allowed to cool to room temperature and 
the formation of a precipitate was observed. The suspension 
was filtered, washed with diisopropyl ether and dried to afford 
the desired annulated pyridazine ethyl 4-phenylphthalazine-1-
carboxylate (2o) (89 mg, 0.32 mmol, 83% yield) as white solid. 
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